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Pioneering works on 3D Reconstruction

1. Ullman (1979): Shimon Ullman's paper, "The Interpretation of 
Structure from Motion" (MIT AI Memo 476, 1979), is a seminal work 
that formalized the computational principles of inferring 3D 
structure from motion cues. This laid the groundwork for structure-
from-motion (SFM) techniques.

2. Marr and Poggio (1979): David Marr and Tomaso Poggio's "A 
Computational Theory of Human Stereo Vision" (Proceedings of the 
Royal Society of London, 1979) introduced a cooperative algorithm 
for stereo disparity, foundational for stereo-based 3D reconstruction.

3. Horn (1977): Berthold K.P. Horn's work on "Understanding Image 
Intensities" (Artificial Intelligence, 1977) and subsequent papers 
explored shape-from-shading, an early method for inferring 3D 
shape from 2D intensity variations.

4. Longuet-Higgins (1981): H. Christopher Longuet-Higgins' "A 
Computer Algorithm for Reconstructing a Scene from Two 
Projections" (Nature, 1981) introduced the "eight-point algorithm" 
for reconstructing scenes from two views, a cornerstone of multi-
view geometry.
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Point-matching based 3D reconstruction

• 3D reconstruction is an optimization 
problem!

• Objective function of reprojection

min෍

𝑖𝑗

||𝑋𝑖𝑗 − 𝑃(X𝑖 , 𝐶𝑗)|| 

• Current methods can well handle…
• Millions of images
• Varying camera poses
• Different lighting conditions
• Image noises

San Marco Square, 14,079 images, 4,515,157 points
Building Rome in a Day. Sameer Agarwal, Noah Snavely, Ian 
Simon, Steven M. Seitz and Richard Szeliski.  Communications 
of the ACM, 2011.



But in practice, feature point based 
matching approaches still fail

Repetitive and symmetric patterns

Textureless areas Dynamic scenes
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The role of structure in human 3D perception

• Structure: spatial relationships among multiple points, lines, patches, etc.

• Human perceives 3D space by recognizing many types of structure in the

scene: parallelism, planar surfaces, regular shapes, repetitive patterns, 
symmetry, self-symmetry,…

Geometric Reasoning for Single Image Structure Recovery. 
David C. Lee, Martial Hebert, and Takeo Kanade. CVPR 2009.



Structure learning for 3D reconstruction
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CVPR 2016



Piecewise planar based 3D representation

12

3D plane = 2D segmentation map + 3D parameters

Zehao Yu et al, Single-Image Piece-wise Planar 3D Reconstruction via Associative Embedding CVPR 2016 



Neural Radiance Field (NeRF) and 3DGS

13
Ben Mildenhall et al, NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis, ECCV 2020

Kerbl et al, 3D Gaussian Splatting for Real-Time Radiance Field Rendering, Siggraph 2023

Perspective Accurate Splatting. Zwicker et al. 2004
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CVPR 2024



3D Gaussian Splatting

Challenges in Surface Reconstruction

• Representation: Volumetric Representation   

• Rendering: Inaccurate Projection

Varying sliced 2D GaussianVolumetric Density

Reference

Geometry Reconstruction



2D Gaussian Splatting For Geometrically accurate Radiance Fields

SplatsSurfels Mesh (TSDF fusion)

Huang Binbin, et al, 2D Gaussian Splatting For Geometrically accurate Radiance Fields, SIGGRAPH 2024
Pfister et al, Surfels: Surface Elements as Rendering Primitives, SIGGRAPH 2000



2DGS

1. Consider oriented points 
(surfels) as discrete samples of 
a texture function on a surface.

2. A 2D Gaussian kernel is 
defined on object space to 
recover continuous signal.

3. We reconstruct the surface 
in screen space.

Surface splatting – Zwicker et al. 2001
(EWA – Elliptical Weighted Average) 17

Projection 



How to render 2D Gaussian?
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- Projection-based: Perspective Distortion，Inaccurate depth

Perspective Distortion

Ground Truth EWA Splatting
EWA Surface Splatting

M

Perspective Accurate Splatting. Zwicker et al. 2004



How to render 2D Gaussian?
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- Projection-based: Perspective Distortion，Inaccurate depth

- Ray-Splat intersection: Perspective correct,  Depth correct

Ray-Splat Intersection

A hardware architecture for surface splatting. Weyrich et.al 2006

1. Parameterize a ray with planes (𝒉𝒙, 𝒉𝒚)

2. Transform a plane through inverse transpose 
𝑀−1 −𝑇 = 𝑀𝑇, eliminate unstable inverse:

3. Find the intersection 

• Evaluate Gaussian on the tangent uv-plane



Performance Comparison - Geometry
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1. High-quality appearance and geometry.

Ours 3DGSReference
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1. High-quality appearance and geometry.

Ours 3DGSReference

Performance Comparison - Geometry



Community Support
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https://projects.markkellogg.org/threejs/demo_gaussian_splats_3d.php (Splat Viewer)
https://github.com/playcanvas/supersplat (Splat Editor)
https://github.com/nerfstudio-project/gsplat (Efficient Backend)

Web Viewer

Efficient Backend

Online Editor

https://projects.markkellogg.org/threejs/demo_gaussian_splats_3d.php
https://github.com/playcanvas/supersplat
https://github.com/nerfstudio-project/gsplat
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Video Editing

3D Street Unveiler [Xu et al. 2024]

Generalizable Reconstruction

LaRa [Chen et al. 2024]ViDu4D [Wang et al. 2024]

4D Reconstruction

Dynamic Inverse Rendering

GS-IA [Zhao et al. 2024]

Applications



StreetUnveiler (ICLR 2025)

Remove the cars from the video captured by in-car cameras

Remove from both visual and geometry aspect



Time reversal inpainting
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Inpaint 𝑇𝑛 with 𝑇𝑛+1 as reference





Scaling Mesh Generation via Compressive TokenizationCVPR 2025



What’s the problem or challenging in the existing methods?• Due to the inefficiency of the mesh sequence tokenization, 

the scale of the training data for the triangle mesh was 

limited, resulting in the generative model struggling to 

synthesize results with intricate details.

Scaling Mesh Generation via 
Blocked and Patchified Tokenization (BPT)



How to reach a compressive mesh tokenization?• Vertices level: Compared to the previous method of using three 

tokens to represent mesh vertices, we aim to use only one or two 

tokens to represent a mesh vertex

• Face level: We aim to design an order that minimizes the repetition 

of mesh vertices in the mesh sequence

Scaling Mesh Generation via 
Blocked and Patchified Tokenization (BPT)



Auto-Regressive Transformer Based Mesh 
Generation
• We use a standard auto-regressive Transformer with parameters θ to 

model the sequence with our tokenization and

• leverage cross-attention for conditioning. The token sequences are 
modeled with a standard auto-regressive Transformer with parameter 
θ, maximizing the log probability.

• Point/image: Michelangelo encoder



Evaluation



• Point Cloud Conditioned Generation

Scaling Mesh Generation via Compressive Tokenization



• Image Conditioned Generation

Scaling Mesh Generation via Compressive Tokenization



CAD-MLLM: Unifying Multimodality-
Conditioned CAD Generation With MLLM

• Img2CAD and GenCAD have been proposed to 
generate a CAD model based on the input 
images. 

• Text2CAD  and Query2CAD have been proposed 
to generate a CAD model based on the text. 

• Point2cyl and TransCAD have been proposed to 
generate a CAD model based on the point cloud. 

• Users’ requirement: Design a solution that can 
work based on conditions of different 
modalities.



Sketch 1 Extrude 1 Sketch 2 Extrude 2 Union

Example of Command Sequence Representation
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Summary

• Which representation is better for 3D ?
• Application driven? 

• How to leverage 3D geometric prior for reconstruction/generation?

• Learning from history.
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